Abstract-Due to the wide coverage area of vineyards, the humid climate and the complex terrain in southern China, we present a viticulture monitoring system based on the non-uniform stratified WSN network and Wi-Fi technology. Firstly, we propose the improved virtual grid system, construct the non-uniform virtual grid by using the dynamic side length and construct a stratified routing structure by using the grid dispersion coefficient. The system considers the CC2530 chip from the TI Company as the core to build collection nodes, and it extends the hardware so as to complete the monitoring of key parameters such as the temperature and humidity of air. The computer monitoring system based on the ASP. NET platform has the characteristics of easy to operate and strong robustness at the same time it can achieve the automatic alarm and prompt the operation automatically combined with the experience of the agronomic expert. Algorithm simulation and practical running show that the energy efficiency of the network nodes has been enhanced. The system can well fulfill the actual production requirements and promote the development of the fine agricultural production.
INTRODUCTION
Utilizing information technology to achieve the precision agriculture cultivation is the current hot research field [1] . Grape is a fruit, which is widely loved by people and is widely cultivated all over the world. The fruit is not only used for be eaten directly, but also widely used for making wine, what's more, they can still be made from dried fruit [2] . The viticulture process is not only affected by regional climate and soil properties, but also closely related to soil moisture, pests and environmental factors [2] [3] [4] , some existing researches have shown that the precision cultivation can significantly improve grape yield and quality. The grape planting area of hunan province in southern China has exceeded ten thousand mu, different from other planting areas, the local cultivation base mainly consists of transformed traditional paddy fields, and it is segmented by small hills and small ponds. At the same time, the rain is generally more during the grape planting period, and generally the greenhouse cultivation needs to be adopted so as to guarantee quality and production. Wireless Sensor Network (WSN) is the integrated intelligent information processing platform, which involves Sensor technology, micro-electromechanical technology, and modern Network and Wireless communication technology. A WSN is composed of a number of wireless sensor network nodes, it can real-time monitor, sense and collect all kinds of environmental information or information of the monitoring objects, and then the information that has been processed by the WSN will be sent to the information user [5] [6] . Sensor network technology has been widely applied in many agricultural areas such as the grain and the orchard, and consequently, good application effects have been achieved [7] [8] [9] [10] . In particular, Pierce et al. developed a WSN designed for air temperature monitoring for frost/freeze protection [10] , which achieved obvious effect, but it mainly aimed at the frostbite situation occurring in the cultivation process of wine grapes, and the environment in the planting area is greatly different from that studied in this paper. Matese et al. designed a set of parameters acquisition system used for precision cultivation, which was based on 433 MHZ radio communication mode and of master-slave structure, and the system used photovoltaic solar panels for power supply [11] , but the number of nodes managed by the system is small and the area covered by the system is also small. Y. SHI et al. measured the crop growth parameters in the greenhouse (such as the leaf temperature, air humidity), used Zigbee technology to collect data, and then transmitted the data to the Web server through the GPRS module so as to realize remote monitoring [12] . Wang et al. [13] applied the sensor network to the control of water-saving irrigation in viticulture in the hilly terrain of China, which achieved obvious effect, but acquisition parameters were limited and the function is relatively single. But these research achievements are limited by the application environment, and energy consumption efficiency of the network remains to be further optimized, in the meantime how to effectively expand the coverage also needs the further research. At present, relying on the traditional way by increasing the input of production factors to improve the efficiency of planting is difficult and high-cost, and the efficiency of manual monitoring on the input in the growth process is low, what's more, when the cultivation is carried on in a certain scale, it is difficult for technical personnel's to effectively take charge of the fields timely, consequently, it is difficult to improve the quality. Wireless sensor network (WSN) technology can effectively provide remote and real-time monitoring, and it can help improve the level of grape planting and management.
II. INTEGRAL STRUCTURE OF SYSTEM
Acquisition node whose power is supplied by the battery is responsible for collecting various environmental parameters, which is recycled for charge after each cultivation cycle. Parameters transmit the data to the coordinator through the sensor network, then the coordinator sends the data to the gateway, the gateway transmits the switched data packet to the upper monitoring computer through the Wi-Fi wireless local area network or VPN network [2, 14] , eventually to realize the information processing and maintenance on the computer. The camera can be used in the range of the parameters monitoring park, and its information is transmitted to the PC together with other information through the Wi-Fi network so as to realize the image-monitoring [15] [16] , the integral structure of the system is shown in Fig. 1 . Compared to other conventional WSN environmental monitoring network system, the viticulture monitoring system has the following features: (1) the non-uniform stratified ad-hoc network of low power consumption; (2) acquisition node can collect the key parameters of the environment, and it is able to achieve the automatic alarm and countermeasures through the expert control; (3) it can realize quick positioning and the rapid inquiry of the region; (4) it communicates with the monitoring PC through the Wi-Fi transmission so as to cover a wider range; (5) the PC can preserve the data for a long time, and it can help the agricultural technical personnel to make the analysis.
III. A HIERARCHICAL HETEROGENEOUS NETWORK TOPOLOGY DATA ACQUISITION
The conventional single-hop network or dynamic multi-hops scheme is not suitable for the environmental parameters monitoring in the vineyard, in order to realize the high efficiency of the network energy consumption, based on paper [17] and paper [18] , this paper proposed a solution for data gathering with the fixed terminal based on the hierarchical network topology. The solution chooses the cluster head through taking both the location of the acquisition node in the network and residual energy into overall consideration so as to form the hierarchical heterogeneous network topology, the clusters are constructed reasonably according to the current position of the fixed acquisition node which can send the gathered data to the coordinator by means of the single-hop or multiple-hops among the clusters. The layered network architecture is shown in Fig. 2 . 
A. Formation of Hierarchical Heterogeneous Network Topology
The sensor network of the acquisition system in the vineyard is distributed in the rectangular garden whose four peak coordinates are clear, and a part of anchor nodes existing in the network are able to determine their own positions. After nodes are distributed to the vineyard, we can apply the sensor network node localization algorithm to determine their own nodes' positions according to the position of the anchor nodes. The research shows that it can help to reduce the energy consumption with the multi-hops method during the communication between the cluster head and the gateway, but the near cluster head may cause the "hotspots" problem due to the increase of the energy consumption led by the data transmission, so this paper adopted the heterogeneous network cells. Set four vertex coordinates of the vineyard and auto-adaptive dynamic side-length a for the cells division, and the further cells have a longer side-length.
Firstly, identify a vertex as the set origin of coordinates, which can be taken as a coordinate system origin to segment the virtual network cells, the length of the cell is i H and its width is i L , the node i can calculate the length i H and width i L through the formula (1) and (2) respectively.
where, ( , ) xy stands for the assumed origin of the coordinates; ( , ) ii xy stands for the coordinate of a certain collection node; a is the virtual dynamic side length of the cell.
B. Cluster Head Election Based on Dynamic Weights
The local election algorithm takes both the current residual energy of nodes and their locations into overall consideration, so as to calculate the competitive weights of the cluster head of the various virtual cells in the vineyard. With the help of formula (3) and (4), the node i can calculate the coordinates of the center position of the cell, and then according to the formula (5) and (6), we can respectively calculate the distance ci d between the node i and the center of the cell as well as the competitive weight i W of the cluster head.
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where, ini E represents the initial energy of the node i , cur E represents the current residual energy of the node i , the value of i w (i=1, 2, 3) is 0~1, which is an adjustable parameter used to control the proportion of the residual energy, the position and the weight value of the elected time in the calculation. The nodes whose residual energy is higher than the average energy of the grid nodes are called the advantaged nodes. Take the node with the biggest i W as the cluster head for each virtual cell, and the cluster head is responsible for the management of the data of other nodes in the virtual cell network as well as the data processing, then it sends the processed data to the final coordinator by means of multi-hops.
C. Layered Processing of Virtual Cell
Definition 1: under the actual environment, there may exist a certain area without the sensor nodes due to natural factors or some other reasons in the WSN monitoring area (for example, there exists widespread pool in the rural areas of south China), this paper defines this type of node blank area as the empty area.
The acquisition node calculates the cell min 
In order to improve the node energy consumption efficiency of the attachment in the empty area away from the gateway, for the cluster head in LEVEL2, it is needed to calculate the discrete coefficient i  through the formula (6) , and the discrete coefficient is used to describe the distribution pattern of member nodes in the cluster. In the formula (6), the nic d represents the distance between the internal node in the n cluster and the cluster head of this cluster, nav d represents the average distance between each internal node in the n cluster and the cluster head of this cluster, the discrete coefficient i  can be computed out by the result of the sum of the proportion of the distance between each internal node in the cluster and the cluster head in the average distance between all internal nodes in the cluster and the cluster head divided by the number of nodes in the cluster.
When the value of the discrete coefficient i  is higher than the specified threshold  , it is believed that there exists the empty area within the faraway cluster, if the way of the single-hop for the direct communication continues to be adopted within the cluster, the cost of the energy consumption will be increased, when the value of i  is greater than the threshold th  , the cluster will use PEGASIS protocol to constitute the communication in the chain based on the greedy algorithm, and at the same time, the cluster head of this cluster will shift to the inner of the cluster, and then the cluster head will be taken over by the advantaged node nearest to the next hop within the cluster, and finally the new cluster head will notice the gateway to update the list of cluster heads.
D. Multi-Hops Transmission of Cluster Head
First of all, set the multi-hops routing level of a selected virtual cell's cluster head as zero, then the cluster head transmits the level to all coordinators within the whole network. For the ( , ) ii HL cells with the level 1 and 2, the cluster head will respectively carry out the following algorithm 1 and 2 to look for the line number and column number of the cell in which the next hop cluster head is. 
In the data packet for transmission of the data routing, the target address are set as the row number and column number of the cell in the next hop, the cluster head which has received the data packet will firstly respectively compare the objective line number and column number carried by the data packet with the line number as well as column number of the cell where the cluster head is, if they are the same correspondingly, the algorithm 1 and 2 will be implemented to continue to look for the cells of the next hop, else to choose to discard the packet.
In order to ensure the reliable data transmission, the sending node will open the corresponding timer when it is sending the data, if the timer received the feedback information before the timeout, the temporary data needs to be cleared, or else the retransmission is needed, if the times of the retransmission are more than 3, the enhancement of the transmitting power is needed, so as to send the data to the gateway directly, and at the same time to report the error. All the cluster head nodes have opened their timers for receiving data, if the timer did not receive the data from the previous hop cluster head prior to the timeout, it will directly send its data out to avoid the situation where the infinite waiting occurs.
IV. COMPOSITION OF SYSTEM HARDWARE
The system hardware consists of the following three parts including wireless nodes, the coordinator and the wireless gateway, and the overall system hardware block diagram is shown in Fig. 3 . The wireless acquisition node of the WSN is made up of the CC2530 radio frequency emission chip from the Texas Instruments which is taken as the core. The CC2530 chip has integrated 2.4 GHz direct sequence spread spectrum RF transceiver, enhanced 805l micro-processing kernal of technical grade, up to 256 KB flash memory or 8 KB RAM, 12 digits A/D converter of eight channels, 2 USART interfaces and 21 universal GPIO interfaces and so on. What's more, it provides 101 dB link quality, and it has the higher sensitivity to the wireless receiving and robustness, and its highest transmission rate can be up to 250
KBps. The CC2530 can also be equipped with the compatible TI standard or the proprietary network protocol Stack (RemoTI, Z-Stack, SimpliciTI) to simplify the development procedures [9] [10] [11] [12] . The part of the hardware used for monitoring CO 2 is mainly composed of CO 2 probe MG811, double comparator LM393 of low power and low offset voltage, operational amplifier CA3410 and some resistance as well as capacitance, and its power is supplied by the 6V power source. Due to the output of the CO 2 sensor is analog, the A/D conversion function of the CC2530 needs to be used. In the Semi-enclosed shed, it only needs to configure the CO 2 sensor to the coordinator, and for the fully enclosed shed, it is required to configure the CO 2 sensor to the cluster head. Generally, when the air temperature in the process of the viticulture is lower than 10℃, the alarm is needed. The period of cultivation and monitoring is March to October, so the digital temperature and humidity sensor DHT11 which contains the adjusted digital signal output has been chosen to be used for measuring, whose measuring range includes the relative humidity of 20% -90% RH and the centigrade temperature of 0-50 ℃ . The soil temperature and humidity sensor uses the integrated sensor SHT10 with the digital output of built-in SMT packaging series, whose highest humidity can be as high as ±4 .5%RH. The external of the sensor uses copper sintering network protection to strengthen the following capacity including the heat resistance, pressure resistance and damage resistance of the probe.
The coordinators are mainly responsible for completing the tasks including the organization and management on sensor network, as well as the data fusion and forwarding processing, so they can be acted as by the general wireless nodes, but their software configuration are different. The gateway module uses the ARM9 chip S3C2440 as the processing core to achieve the conversion from the ZigBee data packet to Wi-Fi network data packet. Firstly, the module obtains the data packet from the serial port of the coordinator, and then the ARM processor will deal with the data read from the data packet, and finally the data will be transmitted through the Wi-Fi transmission module. The configuration to the gateway module prior to the data transmission is necessary, and it is needed to set the network mode of the gateway module as the transparent transmission mode, and at the same time, the gateway module will be added to the local area (LAN) [14] in the monitoring center.
V. DESIGN OF SYSTEM SOFTWARE

A. Main Functions of Node
According to the specific data transmission requirements, this paper uses the multi-layered composite mesh network model to set up the system, and the data as well as the control instruction among the network nodes of the system are transmitted through the dynamic routing approach [19] [20] . After establishing the network of the hierarchical network topology structure, the nodes will be added to the network established by the coordinator, and the terminal node will transmit the gathered data to the cluster head in the virtual cell, then the cluster head will send the data to the coordinator. If the cluster head is far away from the coordinator, the multi-hops method will be adopted to achieve the data transmission. The temperature and humidity data of the air and soil is collected from each node by the terminal node, which will be transmitted to the coordinator through the WSN network transmission. The coordinator is responsible for completing the CO 2 concentration detection, and it will transmit the data received from the terminal node together with the CO 2 concentration data to gateway, then the gateway will transmit all the data to the monitoring computer through the Wi-Fi network transmission. The node workflow diagram is shown in Fig. 4 . 
B. Collection of the System's Key Parameters 1) Acquisition of Air's Temperature and Humidity
The process of using the DHT11 to read the temperature and humidity data is mainly composed of the following three parts including the response detection function, the temperature and humidity data read function and the CRC check function. The time for one communication is about 4ms, and the data consists of the decimal part and the integer part, and a complete data transmission contains 40 digits with the high bit in the front of the data. That is to say, the data for a complete transmission equals to eight bit humidity integer data plus 8 bit humidity decimal data plus 8 bit temperature integer data plus 8 bit temperature decimal data plus 8 bit check code, where the check data is equal to the last 8 bit of the sum of the above four 8 bit data. First of all, the CC2530 sends the start signal to the DHT11 through the data interface and it will wait for the response from the DHT11. If the response signal is obtained, the CC2530 will begin to read the data. If the response signal cannot be get from the DHT11, the communication errors occur or the DHT11 has not be ready for the response, then the CC2530 will resend the start signal to DHT11 until the response from the DHT11 is obtained. After finishing reading the temperature and humidity data, the CRC check will be carried out so as to ensure the data is received correctly. If the check is successful, the data that is received will be saved to the variables.
2) Acquisition of Soil's Temperature and Humidity
The process for reading the soil's temperature and humidity data includes the sensor start connection function, soft reset function, start transmission, temperature and humidity measurement, data conversion function, reading the status register function and writing the status register function. The CC2530 will firstly send the start connection signal to the SHT10 through the SCK clock pin and DATA pin, and then the response signal from the SHT10 will be waited for, if the response signal is obtained overtime or no response signal is obtained, the value of the variable for counting out the errors will increase by 1, if the response signal is obtained, the data transmission process will be started. In the process of the temperature and humidity measuring, firstly the temperature and humidity measurement instruction will be written, and then the measurement signal which is completed will be waited for, if the measurement is not completed within the prescribed time, the value of the variable for counting out the errors will increase by 1. On the contrary, if the measurement is completed in time, the function for reading the status register will be called to read the temperature and humidity data. During the process of writing the instruction and reading the internal register, the corresponding error handling mechanism will also be used.
3) Acquisition of CO 2 Concentration
The carbon dioxide (CO 2 ) directly affects the photosynthesis of plants, when the CO 2 concentration is insufficient or low, the photosynthesis of the grape will be weakened, leading to the stunted grape growth as well as the affected yield and quality. In the meantime, increasing the CO 2 concentration properly can promote the growth of grapes, be helpful for the accumulation of organics within the crop, and increase production as well as improve quality. If the grapes in the facility cultivation are often under the circumstance where the CO 2 concentration is insufficient, the photosynthesis of the crop will be seriously affected, leading to the poor quality of the grapes in the facility cultivation. The CO 2 monitoring function mainly includes A/D conversion and numerical transformation, where the A/D conversion mainly convert the analog signal that is exported from the CO 2 sensor into the digital signal, and because the change of the analog signal that is exported from the CO 2 sensor is not linear, it is necessary to conduct the numerical conversion so as to get the true value of the CO 2 concentration through the calculation based on the specific judgment. According to the analysis for characteristics of the object, it can meet the requirements that the system adopts the A/D conversion of 10 digits precision. Because the measurable range of the CO 2 concentration value is between 0 to 10000 ppm, it needs two bytes to express the value of the CO 2 concentration for the digital signal get after the A/D conversion. The function for reading the value of the CO 2 concentration (i. e. , the combination of the A/D conversion function and the numerical transformation function) is called before reading the high byte and the low byte every time to ensure that the data that is read is the real-time data.
VI. SIMULATION
A. Algorithm Simulation
In order to validate the effectiveness of the proposed routing protocol of the layered non-uniform cluster, this paper compared the improved algorithm with the classical EUUC algorithm, and the algorithm performance will be assessed from the following two aspects including the network survival period and the data transmission delay. The experimental environment includes the following parts: the working software is Matlab R2011b, the host is AMD Athlon 64×2 dual 5200 + 2.7 GHz and the memory is DDR2-SDRAM 800MHz 2GB. In the simulation algorithm, the ideal MAC protocols and the ideal wireless link are adopted, and the analysis on the life cycle of the network will be done through summing up the work cycles of the network. The work cycle of the WSN network is defined as time that the process from starting running until 20% of all the nodes become the dead nodes will take. The simulation scene is within the rectangular area with the size of 400 m × 400 m, and the position of the gateway is fixed to the point (0 m, 0 m), meanwhile, an empty area with the size of 30 m × 30 m will be generated in random. The nodes are distributed to the residual areas in random. The initial energy of all nodes are set as 0.5 J, then E elec = 50nJ/bit,  fs =10pJ/bit/m 2 ,  mp =0. 0013pJ/bit/m 4 , the fusion data E GX =5nJ/bit, and the maximum turns of the simulation is 5000. In order to eliminate the influence of random factors, the algorithm will be run thirty times so as to take the data of the statistical average value as the result.
The main design goal of the improved algorithm lies in balancing the loads of dead nodes and ordinary nodes, as well as improving the efficiency of energy consumption to prolong the life time of the network. From the Fig. 5 , as can be concluded that the effective survival time of the improved algorithm is obviously longer than that of the EUUC protocol and the round number when the initial dead node appears is greatly delayed, and at the same time the round number when the dead nodes accounting for 20% and 50% of the total network nodes appear has also been obviously delayed. The analysis has mainly used the reasonable layered network for the data processing and it has reduced the energy consumption of big nodes as well as the work loads of management on the cluster heads undertaken by the cluster heads of low energy.
B. Actual Running Effect
The PC monitoring system is written by using the C# language based on ASP. NET platform, whose background data can be obtained from the MySQL database. Considering the characteristics of the users, the system can be operated by the users through the Web interface, and the software interface of the system is simple and easy to operate. Users can carry on the management on the nodes by using the computer software, and the management includes the node configuration, manual addition, nodes modification or remove and so on. The monitoring PC will describe the collected parameters obtained from the vineyard in the way of the form and the curve changing diagram so as to show the states of all the nodes. The states of the node include the air's temperature and humidity, soil's temperature and humidity and CO 2 concentration. When the abnormal data appears, the PC will automatically send out the warning message, and it will inform the administrator to dispose the data timely through the short message service platform. The agricultural workers can also analyze the recent changes in the environment through the history notes. The users can also use the VPN remote management to achieve the real-time monitoring under the different environment. The monitoring interface diagram of the upper PC monitoring system is shown in Fig. 6 . The monitoring system containing 100 wireless acquisition nodes is arranged in a certain 60 acre experimental base for the viticulture in the southern China. In the test stage of the system, the conventional hierarchical network structure is adopted, and dead nodes in some local areas appear too early to meet the requirements of the viticulture cycle. The operation of the WSN network is basically stable after using the proposed hierarchical structure, and the energy consumption efficiency of nodes is obviously optimized. After the examination, the system can work reliably in the way of automatically alarm. Through the observation on the grape in a viticulture period, as can be concluded that the energy loss of the eight nodes of the total 100 nodes is larger than that of the others, the voltage of the battery appears large decline from the initial 3.5 V to the final about 2.77 V, which of most of the nodes keep in around the 3 V, and some four nodes of all the nodes cannot work properly due to the fault. The primary fruit output rate of the "red globe grape" cultivated in the vineyard increased by 1.8% approximately. The soluble solid content in the grape can increased by 0.5% ~ 2%, and the quality as well as the stress resistance of the grape can be improved. The system has greatly reduced the labor intensity in the patrol of the technical personals, improved the ability of real-timely monitoring the data, and provided the safeguard for the production of the high-quality grapes. But in practice we also found that the condition in the agricultural field is more complex, the process of the grape cultivation is complicated and the nodes are easily damaged, what's more, once the node is not properly linked to the network, its energy consumption will be accelerated. At the same time the density of the nodes which can meet the requirements of the cost-effective agricultural production is still needed to continue the exploration so as to find the optimal solution.
VII. CONCLUSION
Under the demand of monitoring the viticulture parameters, this paper proposed the data collection scheme based on the combination of the stratified WSN and WI-FI wireless network. In this scheme, the entire network is divided into the dynamic heterogeneous hierarchical topology structure after obtaining the position of the nodes, the competitive weights of the cluster heads can be calculated out through the collection algorithm with the improved fixed terminal data, the optimization for the unit network environment is achieved so that the unit network is able to choose the best network among the clusters at the same time when the complete data transmission is completed, which will realize reducing the energy consumption, and the data is transmitted among the cluster heads by using the way of the single-hop or the multi-hops transmission, which is more in line with the actual application. The practice result shows that the collected parameter information in the system is a guidance for the practical viticulture and the parameters monitoring is real-time and accurate, so the system can effectively provide the information technology support for the viticulture. But how to improve the cost performance of the system and how to further improve the energy consumption efficiency of the network under meeting the requirements of the grape agriculture is still worth further exploring.
